Introduction: To evaluate and compare various physicochemical properties of different root canal sealers.
Introduction
Endodontic sealers are used in the obturation of root canal systems to achieve a fluid-tight seal between the core material and root canal walls. Grossman [1] had mentioned ideal requisites for root canal sealer. Based on the chief component, sealers are classified as zinc oxide eugenol, calcium hydroxide, resin, glass ionomer, iodoform or silicon, and recently mineral trioxide aggregate (MTA) type. [2] MTA is a powder containing mineral oxides, and it is indicated for a variety of applications in endodontics. When MTA is used as a sealer and is compacted against dentin, a dentin MTA interfacial layer forms in the presence of phosphate. [2] This adherent layer resembles hydroxyapatite in composition when examined under X-ray diffraction and standard error of the mean analysis. [2] AH Plus is a hydrophobic epoxy resin-based sealer that has been used as the gold standard for comparisons with other endodontic sealers. Recently, Endosequence BC sealer (Brasseler USA, Savannah, GA), previously known as iRoot SP (Innovative Bioceramix, Vancouver, Canada), has been introduced which requires the presence of water to set and harden. MTA plus is another calcium silicate based material (Prevest Denpro, Jammu, Jammu and Kashmir, India), which This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
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Original Article has finer particle size and comes with the gel vehicle that improves its handling characteristics and physicochemical properties. [3] As the flow causes the sealer to penetrate into irregularities of the root canal system, it is an important property. Tooth discoloration due to root canal sealers contrary to the ideal requirements has been reported. Even if the treatment is highly successful, sometimes, retreatment becomes necessary. The techniques used to remove the root fillings include hand, mechanical, ultrasonics, and heat and laser irradiation either alone or in combination with solvents. [4] [5] [6] [7] Radiopacity is another important property of endodontic sealers as they should be radiographically distinguishable from the surrounding anatomic structures for proper evaluation. [8] Thus, the purpose of this study was to evaluate and compare the various physicochemical properties of various sealers using different methods of testing.
Materials and Methods
The flow, radiopacity, dissolution in solvents, and coronal discoloration properties for Endosequence BC sealer (Group 1), AH Plus (Group 2), and MTA Plus (Group 3) were assessed according to the International Organization for Standardization (ISO) standards for root canal sealers. All sealers were manipulated according to the manufacturer's instructions.
Flow
Based on the Section 7.2 of ISO 6876, 0.05 ml sealer was dropped onto the glass plate. At 180 ± 5 s after the beginning of mixing, the second glass plate was placed centrally on top of the sealer, followed by the weight. At 10 min after the beginning of mixing, the weight was removed and the maximum and minimum diameters of the compressed disc of sealer were measured. If the diameters agreed to within 1 mm, the mean of both diameters was recorded. If both diameters were not within 1 mm, the test was repeated.
The procedure was repeated two more times for a total of three determinations. The mean value of the three specimens was calculated to the nearest millimeter [ Figure 1 ].
Radiopacity
Three test specimens of the sealer with standardized dimensions of 5 mm in diameter and 2 mm in thickness were prepared using the standardized plastic molds. Samples were left in incubator at 37°C for a period three times of the setting time. The samples were then radiographed along with the aluminum step wedge on the charge-coupled device of the RadioVisioGraphy unit. Three radiographs were taken for each sample. Standardized sized areas of each test specimen and for each thickness of the aluminum scale were measured [ Figure 1 ] in gray scale levels on the digital photographs (0-255) with the Adobe Photoshop computer program, version 7.0.1 (Adobe systems, San Jose, CA, USA).
Dissolution
The sealer specimens [total 135], with three major groups and three subgroups of 15 each according to the type of solvent 5 mm in diameter and 2 mm in height were weighed in milligrams on a precision scale prior to immersion in the solvent to obtain the initial mass (m1).
They were immersed in 20 ml of solvent at room temperature such that both the surfaces of each specimen were readily accessible to the solvent. Distilled water was used as a control. After the specified immersion period, the specimens were removed from the solvent with the help of a tweezer and then blotted dry with the absorbent paper. Then, after rinsing, the samples in distilled water, they were weighed again (m2) after blotting dry with absorbent paper. The amount of lost sealer from each specimen was determined as the difference between the original weight of the sealer and its final weight. The weight difference was measured at 2, 5, and 10 min.
Coronal discoloration
Forty freshly extracted, human premolar teeth free of caries, restorations, cracks, and coronal discoloration were cleaned to remove extrinsic stains and debris from the crown surface. The roots were resected 3 mm below the cementoenamel junction using a double-sided diamond disc. The pulp chamber of each crown was mechanically cleaned using Gates Glidden drills, hand H and K files, and then irrigated with 3% sodium hypochlorite solution and normal saline through the apical access opening. The specimens (n = 10) were then randomly assigned to three experimental and one control group.
In each group, the mixed sealer was placed into the pulp chambers via the apical access opening using a lentulo spiral filler. A plugger was used to coat the internal walls. Excess sealer was cleaned from the outer surface using a cotton pellet and the apical access was sealed using the composite resin. After the sealing, the samples were stored in an incubator for 7 days at 37°C. The control group was filled with normal saline.
Tooth color measurements were done before staining, immediately after the material insertion and at 1 week, 1 month, 2 months, and 4 months after sealer insertion. The samples were placed on a fixed bed of sticky wax on a gray background. Standardized digital photographs were taken of the samples using a digital camera (Sony DSC WX80, 16.2 MP, 8X Optical, Tokyo, Japan) in a darkened room with only two 60W lights. The images were captured and saved in a JPEG format. The L*a*b* values were determined using Adobe Photoshop CS 8.0. The buccal surface of the tooth was sectioned into three horizontal and three vertical sections. The amount of tooth discoloration within the occlusal third, middle third, and the cervical third was calculated by drawing circular areas of same diameter in the center of each section. The color change was calculated according to the following formula:
ΔE was the amount of color change, L was lightness, a and b described the chroma, in which red was +a, green was −a, yellow was +b, and blue was −b. 
Statistical analyses

Coronal discoloration
The discoloration caused by the sealers increased with time. At 4 months, there was no statistically significant difference (P > 0.05) between the ΔE values of Endosequence BC sealer (4.40 ± 1.12) and MTA Plus (4.80 ± 1.01), whereas there was a statistically significant difference between the mean ΔE values of the rest of the groups. AH Plus caused the minimum discoloration at 4 months i.e. 3.84 ± 0.92 [ Figure 2 ].
Discussion
In the present study, the flow of all the tested sealers complied with the ISO requirements, i.e. >20 mm. The superior flow of AH Plus in comparison to the bioactive calcium-based sealers might be due to its resin content which provides plasticity and improves flow. [9] [10] [11] This is the first study of its own to check and evaluate the flow of MTA Plus. The finer particle size and the gel vehicle improve its handling characteristics and provide a better flow as compared to previous other MTA root repair products. The finer particle size of Endosequence BC sealer also is responsible for its good flow.
The flow measured here was according to the ISO standards using in vitro method. The drawback of which was that factors such as aberrant anatomical structures on which the flow in clinical scenario depends have not been taken into account.
According to the ISO standard 6876, a radiopacity of 3 mm of aluminum is requested for root canal filling materials which were compiled by all the tested materials. Aluminum was chosen as a reference because it can be easily and accurately machined and its linear absorption coefficient is similar to that of enamel, relating the similarity in the variation of aluminum to hydroxyapatite.
AH Plus was the most radiopaque sealer with the radiopacity value equivalent to 10.05 mm of aluminum very much in agreement with other previous study by Bodanezi et al. [12] It contains zirconium oxide, iron oxide, and calcium tungstate in good concentration, which are responsible for the high radiopacity values, and out of all, zirconium oxide is responsible for the maximum radiopacity. [13] MTA Plus had radiopacity value 5.85 mm of Al because of bismuth oxide and Endosequence BC sealer with 6.09 mm of Al due to zirconium oxide and tantalum oxide. The drawback is being not taken into account the influence of hard and soft tissue structures.
For the dissolution in solvents property, Endosequence BC sealer showed better dissolution in Endosolv E than chloroform because of tetrachloroethylene in its composition. It also showed the better dissolution than AH Plus and MTA Plus. AH Plus was difficult to dissolve contrary to the other studies, [14] but in accordance with study by Erdemir et al., [15] in which none of the techniques or solvents such as chloroform or halothane were effective in removing AH 26 and AH Plus from the capillary tubes within 30 min probably due to their tight adherence to the capillary tube walls. However, chloroform proved better for AH Plus and MTA Plus as compared to Endosolv E at 10 min. Not much has been experimented on the dissolution of Endosequence BC sealer as well as MTA Plus in solvents till now.
According to the results of coronal discoloration caused by root canal sealers, for all the groups, ΔE value was lowest at 1 day, increased at 1 week, 1 month, 2 months, and highest at 4 months. At 4 months, the ΔE value of MTA Plus was the greatest, i.e. 4.80 above the clinically significant level due to the oxidation of the iron content present in calcium aluminoferrite phase of the powder as well as the bismuth oxide. [16, 17] The ΔE of AH Plus was the lowest 3.84 and the value was just above the clinically significant level, i.e. 3.70. Therefore, it can be argued that the silver ions may not be the sole reason of tooth discoloration caused by AH26 and some ingredients in AH Plus might be the cause of this discoloration. [18] Literature lacks evidence regarding the staining potential of AH Plus therefore more research is required to identify the constituents of AH Plus responsible for the discoloration.
At 4 months, the ΔE value of Endosequence BC sealer was 4.40. It caused less discoloration than MTA Plus but more than AH Plus. Very few studies have been conducted on Endosequence BC sealer. In saline group, discoloration might be attributed to the unconverted camphorquinone, which causes a yellowish discoloration. Furthermore, other components of the photoinitiator system, namely tertiary aromatic or aliphatic amines tend to cause yellow or brown discoloration under the influence of light or heat. [19] 
Conclusion
Within the limitations of the present study, the followings are concluded: 1. All the sealers showed flow well above the ISO requirements, however, AH Plus showed the maximum flow followed by MTA Plus and Endosequence BC sealer 2. All the sealers showed radiopacity well above the ISO specifications; however, AH Plus showed the maximum radiopacity followed by Endosequence BC sealer and MTA Plus 3. Chloroform proved to be the best solvent for AH Plus and MTA Plus, whereas Endosequence BC sealer best dissolved in Endosolv E at 10 min of immersion 4. Out of all the sealers, MTA Plus caused the most coronal discoloration at the end of 4 months, whereas AH Plus caused the least discoloration.
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